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Observations of flat-spectrum radio sources at A 850 from the 
James Clerk Maxwell Telescope II. April 2000 to June 2005 
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ABSTRACT 

Calibrated data for 143 flat-spectrum extragalactic radio sources are presented at a wavelength 
of 850 |J.m covering a five-year period from April 2000. The data, obtained at the James Clerk 
Maxwell Telescope using the SCUBA camera in pointing mode, were analysed using an au- 
tomated pipeline process based on the Observatory Reduction and Acquisition Control - Data 
Reduction (ORAC-DR) system. This paper describes the techniques used to analyse and cal- 
ibrate the data, and presents the database of results along with a representative sample of the 
better-sampled lightcurves. A re-analysis of previously published data from 1997 to 2000 is 
also presented. The combined catalogue, comprising 10493 flux density measurements, pro- 
vides a unique and valuable resource for studies of extragalactic radio sources. 

Key words: 

methods: data analysis - techniques: photometric - galaxies: BL Lacertae objects : general - 
galaxies: photometry - sources as function of wavelength: submillimetre 



1 INTRODUCTION 



In Paper 1 dRobson. Stevens & Jenness|[200lh we described a se- 
ries of monitoring observations of flat-spectrum radio-sources at 
a wavelength of 850 (xm using the Submillim etre Common-User 
Bolometer Array, SCUBA jHolland et aljl999h , on the 15-m diam- 
eter James Clerk Maxwell Telescope on Mauna Kea, Hawaii. The 
data reported in this paper extend this work and comprise 10493 
flux density measurements from pointing observations of 143 flat- 
spectrum extragalactic radio sources taken over the lifetime of 
SCUBA between 1997 April 5 and 2005 June 4. The observa- 
tions have been reduced using the automatic SCUBA data reduction 
pipeline Jenness et al. ( 2002) encompassing on-line atmospheric 
extinction correction using quasi-continuous moni toring data from 
the C altech Submillimetre Observatory (CSO) iArchibald et al.l 
I2OO2I) . 

The radio through submillimetre emission from this class of 
source is synchrotron emission from a relativistic jet emanating 
from the region of the supermassive black hole. These objects rep- 
resent some of the most variable sources of emission we know, 
and understanding the emission processes requires multifrequency, 
multi-epoch observing. Indeed, one of the biggest limiting factors 
to progress is the lack of such data; therefore, this dataset will be 
a valuable database for such studies. For example, data presented 
in Paper 1 have been incorporated into multifr equency variabilit y 
studies of individual objects such as 3C 273 jSoldi et ^ 2008h . 
3C 279 jLindfors et aLH2006l) and NRAO 530 jpeng et aill2006h 
but have also been used for calibration purposes (e.g. Stirling et al.l 



2004h and in statistical s tudies of large samples of objects (e.g. 
Siebenmorgen et alj|2004l) . 

As discussed in Paper I, the observations presented in this pa- 
per were not part of a systematic blazar monitoring programme but 
were present in the JCMT pointing catalogue either because they 
were very bright, close to interesting parts of the sky or they are lo- 
cated where there are very few submillimetre point-sources suitable 
for pointing calibration. This means that the light curves are some- 
times well-sampled and sometimes very sparsely sampled. In some 
cases only a few observations were taken, usually because the target 
was found to be too weak. Those are presented for completeness. 
A comprehensive discussion of the observation technique using jig- 
gle mapping is detailed in Paper I and in Holland et al. (1999). As 
an archive resource, all data presented in paper 1 have been re- 
analyzed and are presented alongside the new data for complete- 
ness and uniformity of approach. 



2 OBSERVATION SELECTION CRITERIA 

Paper I discusses the specific issues a ssociated with proce ssing 
blazar pointing data while the paper by Jennes s et al. I j2002h dis- 
cusses the general case of the pipeline process of data extraction 
and reduction in much greater detail. Only the new techniques are 
discussed in this paper. 

The main selection criterion is that all data are from pointing 
observations of blazars present in the JCMT pointing catalogue but 
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other criteria must be included in order to generate an observation 
list suitable for automated processing. 

The presence of the polarimeter in the beam jOreaves et alj 

l2003i^ during a pointing observation affects the calibration factor by 
approximately a factor of 2 due to attenuation by the waveplate, and 
additionally some blazar s are themselves highly polarized at sub- 
millimetre wavelengths ( Stevens et alJI 19961 : iNartallo et alJI 19981 : 
Ijorstad et al. 2007) to the extent that it becomes difficult to accu- 
rately correct the data for this effect. All observations with the po- 
larimeter in the beam have thus been discarded. In data taken since 
2002 August 8 the data headers indicate whether the polarimeter is 
connected and these data are easily discarded. Between 1999 July 
6 and 2002 August 8, the presence of the polarimeter must be in- 
ferred by using other metadata. In cases where it is inferred that 
the polarimeter has been used all pointing data from the night are 
discarded. This does leave open the rare possibility that the po- 
larimeter is in the beam for a setup pointing and then removed 
prior to doing any polarimeter observations and this case can only 
be tested by examining the resulting flux density data. For obser- 
vations taken during the polarimeter commissioning period (1998 
May 13 to 1999 July 6) the presence of the polarimeter is harder 
to infer and can depend on observation log entries made by the 
observer. This approach is fairly inaccurate and results in manual 
removal of observations for this period. 

For nights on which the Moon was observed (see e.g., 
Ijessop et"al. 2000) , pointing observations are ignored because the 
SCUBA sensitivity must be adjusted in order to observe this bright 
source. That adjustment is not present in the data headers and it is 
easiest for the archive search to remove them. This only accounts 
for 18 nights of data during the period covered by this paper. 

Although the data reduction attempts to be insensitive to small 
focus changes, large focus shifts can still be problematic especially 
given that a pointing observation is always done prior to a focus 
(and also prior to the first focus of the evening). The archive ex- 
traction routine disgards all pointings that are taken before the first 
focus of the night, all pointings that are taken more than 1.5 hours 
after the last focus of the night, and all pointings that are followed 
by a focus that changes by more than 0.2 mm unless they are closer 
to the previous focus than they are to the next. 

Some nights have known problems with the secondary mir- 
ror (such as a failure of one axis) or problems with the dish 



shape resulting in very large variations in beam quality and cali- 
bration factors. These nights can not be detected automatically but 
are removed using a look-up table. Less than 10 nights were af- 
fected by these problems. Finally, all observations with a zenith 
sky opacity at 225 G Hz greater than 0.30 are discarded (see e.g., 
lArchibaldet"ai]|2002h . 



3 CALIBRATION 

Calibration is based on long-term observations of Uranus and, to a 
lesser extent Mars, thereby producing a time-dependent flux cali- 
bration factor (FCF) for SCUBA. These have been very stable over 
the period, changes due to upgrades of the instrument are clearly 
seen and reflected in the changing FCF. The values determined 
for Paper I were checked before re-processing the data and it was 
determined that the accuracy for the old narrow-band filter could 
be improved by calculating the FCF over shorter periods of a few 
months at a time rather than taking yearly averages. These calibra- 
tion changes mean that for some periods the newly calculated flux 
densities can differ by up to 10 per cent from the results previously 
published in Paper I. In most cases the calibration difference is no 
more than 5 per cent. The calibration accuracy is shown in Fig.[T] 
where data for the best secondary calibrator, CRL618, have been 
processed using the same recipes used to process the pointing data. 
The light-curve is flat with a Gaussian of 4730 ± 330 mJy fitting 
the distribution, corresponding to a calibration accuracy of ±7 per 
cent over the 8 year p e riod, agreeing with the accuracy demon- 
strated in ljenness et alj J2OO2I) . Data uncertainties were calculated 
as described in Paper I. 



4 POST PIPELINE PROCESSING 

The output data from the pipeline for any source are first averaged 
over an individual night; there has been no attempt to determine 
variability within a single night. The nightly averaged data are first 
viewed to determine whether there are any obviously erroneous 
points. While this is easy to accomplish for a calibration source, or 
a source that is not variable, for these variable extragalactic radio- 
sources, this can introduce a level of subjectivity. As described in 
section |2] early polarimeter observations are problematic and must 
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Table 2. These are the flux density measurements for a single source, 
1908—202, provided as an example. Modified JuHan Date (MJD) is defined 
as Julian Date — 2 400 000.5. The number of measurements taken on each 
night is given in the last column. The data for all sources are available in 
the online version of the article (see Supporting Information) 



Date Date Flux Error # 

MJD UT /mjy / mJy 

1 
1 
1 
1 
2 
2 
3 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 



6 CONCLUSIONS 

This paper presents the second data release of SCUBA point- 
ing data for flat-spectrum radio sources. In total we have now 
catalogued 10493 flux density measurements for 143 sources at 
850 \im. Some of these sources have very sparsely sampled data but 
our observations provide perhaps the only measurements of these 
objects at submillimetre wavelengths. Other sources have well- 
sampled light curves that can be used as part of multifrequency 
studies. We have shown that with care, the data can be calibrated in 
an automated manner to an accuracy of < 10 per cent. Furthermore, 
the development and refinement of the pipeline process means that 
it is a relatively simple task to extract and calibrate all these data 
and make them available to the scientific community. 
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be removed by inspection of the light curves. In general the light 
curves were inspected and in cases where a point was obviously 
discrepant or isolated, the processed map and observing log were 
inspected to decide whether the point was valid. 

Manual removal of points mainly occurred for the following 
reasons: 

• SCUBA occassionally suffered from what was thought to be 
a film of helium migrating across the array. In some cases this film 
obscured the central source. 

• Some observations placed the target near to an extremely 
noisy bolometer that would affect the aperture photometry. 

• Some images are extremely non-Gaussian 'pancakes'. 

• Sometimes a fault in the system would result in the source 
being split into 2. 

• There are occurrences of very out of focus images (probably 
tests of the focus system). 

In total, approximately 50 observations (0.5 per cent) were 
removed manually from the data set. 



5 THE DATA 

The observed sources are presented in Table [T] which, for each 
source, lists the date of the first and last observation, the total 
number of observations and the number of nights on which the 
source was observed. The full set of results are available electron- 
ically, with a subset presented in Table [2] and the lightcurves for 
the sources with data from more than one night (filtering out 19 
sources) are presented in Fig.|2] 
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Table 1. The sources observed for this paper along with the J2000 RA/dec, the date of the first and last observation, the minimum and maximimi flux densities 
measured for the period (in mjy), the total number of observations for that target and the number of nights during that period on which the source was observed 
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Figure 2. Light curves for well-sampled data sets. The vertical dashed line indicates the break between this paper and Paper I (although all data have been 
reanalyzed). Solid circles indicate 3 or more measurements, open circle indicates 2 measurements, open box indicates 2 measurements but the error was 
derived by the separation of the two points and cross indicates a single mesurement. 
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Figure 2 - continued 
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